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INTRODUCTION 
Chemistry of the Borates has opened a new subarea of 
coordination chemistry due to multi application in diverse 
1-2 field . Poly(pyrazolyl)borates have received much 
attention since from the time first synthesised by S. 
3-7 Trofimenko . These N-Heterocyclic ligands due to their 
coordinating ability serve as multidenate ligands and have 
formed complexes with most metals or metalloids of the 
9-15 periodic table 
Trofimenko listed new types of pyrazolyl derived 
borates other than Poly(pyrazolyl)borates in a review which 
appears in 1993 . These derivatives were sterically more 
hindered and are considered to be more importat due to 
their coordination controlling nature. In order to ejKplain 
the coordination behaviour of Poly(pyrazolyl)borates the 
author has coined the term"scorpionate ligands". 
R-B 
Fig. 1 
The scorpionate ligands are of two types homoscor-
pionate and heteroscorpionate. These uninegative, multi-
dentate ligands react readily with most transition 
17—20 21—24 2^1 
metals , lanthanides and Group 14 elements 
yielding chelate complexes. Poly(indazolyl)borates can act 
as bidentate or tridentate and it depends upon the number 
of Indazole groups attached to the boron atom. The general 
2 fi formula of these borates can be written as [H B(Inz) 1 
n y-n 
where n = 1,2,3. According to this formulation the ligand 
[H Bdnz)^] dihydrobis(Indazolyl)borate, [HB(Inz)^] hydrido 
tris(Indazolyl)borate and [B(Inz).] tetrakis{Indazolyl) 
borate. The derivatives of these ligands have been synthe-
sised by Zaidi and co-workers from the same lab. 
Bis(pyrazolyl)borate Ligands have been often 
compared to p-diketonates. ^-diketones have been widely 
used in a variety of applications including NMR spectro-
schopy as NMR imaging agent, chromotographic analysis of 
metals, in the synthesis of volatile metal precursors for 
CVD studies and as antitumor agents. But fluorinated deri-
vatives of bis(pyrazolyl)borates remain unexplored. In 
this context, new fluorinated bislpyrazolyl)borate ligands 
with copperdi), zinc(II) and Potassium complexes has been 
27 
synthesased by Dias et al 
Fig. 2 
The hydrotris(pyrazolyl) borate reacts readily with 
many organometallic compounds yielding derivatives which 
are analogous to 'half sandwiches' based on the cyclopen-
9 
tendienide ligands . Although not as electronically 
tunable as the cyclopentadienyl, the poly(pyrazolyl) 
borates have found wide applications as ancilary ligands 
2+ 
capable of stabilizing the smallest cations such as Be as 
2+ 3+2 PR —"^ n 
well as metal ions as large as Pb and V 
Attempts to synthesize mixed sandwiches of the type 
RB(Pz)2MCcH^ eg. by the reaction of C5H^Fe(CO)2X with 
RBlPz)-" led invariably to [RB(Pz)2]2M ' • It has been 
42 
reported the possible synthesis of a mixed sandwich 
cation [PzR'.rz)„CoCrHc ] . The hydrotris(pyrozolyl) borate 
N_nN 
/ 
P g (N N) Analog 
HB(Pz),~ is of local C^ symmetry(homoscorpionate). 
However, when R group is different from the two identical 
(Pz)- (Figure 1) it may be alkyl, aryl, ArS or Pz(Pz=l-
pyrazolyl or substituted 1-pyrazolyl) heteroscorpionate 
ligand results . The abbreviation used by Curtis T 
for HB(Pz)- and HB(3,5Me2Pz)^ have been modified by 
13 2 
substituents are identical. 
Trofimenko , e.g. T Me is HB(3,5Me2Pz)2 where 3 and 5 
Transition metal complexes of Poly(Indazolyl) and 
Poly(pyrazolyl)borates have been synthesised and character-
ized by Zaidi and Co-workers . The coordinating 
ability of these borates has been studied in detail. The 
transition metal complexes in case of dihydrobis(Indazolyl) 
borate show square planar geometry for Cu(II) and Ni(II), 
whereas in case of Mn(II), Fe(II), Co(II) and Zn(II), the 
dihydrobis(pyrazolyl)borate complexes are tetrahedral. 
Transition metal complexes of hydrotris(pyrazolyl) 
borate with Mn(II), Fe{II), Co(II) and Cu(II) are 
42-45 
octahedral . These complexes have been studied at 
length and have gained much attention due to their 
importance in synthesising model compounds for metallo-
46-47 proteins and metalloenzymes . Hydrotris(3,5-dimethyl 
pyrazolyl) borate although sterically bulky ligand also 
forms the same type of chelate complexes. Because of the 
presence of methyl substituents at 3- and 5- position, 
these ligands are more specific in their coordinating 
ability towards transition metal ions. Hydtrotris/ 
(pyrazolyl)borate resembles in their coordinating ability 
with hydrotrisO, 5-dimethyl pyrazolyl) borate though 
difficult to rationalize the close relationship, when 
instead of hydrotris (pyrazolyl )borate, the more bulky 
hydrotrisO,5-dimethyl pyrazolyl) borate are present. 
48 Sella et al have synthesised Hydrotris (dimethyl 
pyrazolyl) borate complexes of the lanthanides. The 
ligands T Me_ due to steric hinderance are well suited to p 2 
satisfycoordinate- sphere of the trivalent lanthanide metal 
center. It has recently been shown that hydrotris-
(dimethylpyrazolyl) borate T reacts with lanthanide 2+ 
yielding six coordinate sandwich compounds of the type 
Ln(T )2 (Ln = Sm, Eu, Yb). 
Some hydrotris (pyrazolyl) borate complexes of the 
lanthanides in oxidation s t a t e +3 were reported previously. 
49 S ta ine r and Takats prepared complexes of the type [InTp-v] 
and were able to show both crys ta l lographical ly and by 
NMR in solution for the ytterbium complex tha t two of the 
3 . 2 . . 
l igands were bound in n fashion and are in n coordination 
51 
mode. Moss and Jones prepared a number of complexes 
where X = ace, oxalate or tropolonate and character ized 
them crys ta l lographica l ly . More bulky ligand [HB(3-Bu^-5 
Me-pyrozolyl)_] reacts with divalent lanthanides and these 
a re half sandwich complexes [Yb[HB-(3-Bxi-''^  -5 - Me-pyra-
z o l y D ^ K t h f ) ] and [ Yb[HB( 3Bu^-5 - Me-pyrazolyl )2]I ( 3 ,5 , 
h i s t i d i n e ) - ] 48 
H-B 
R = CH3 ,R'=(CH3)-C 
Fig. 4 
Hydrotris(dimethylpyrazolyl)borate, HB(3,5 - Me_Pz)-
reacts with lanthanides, La, Ce, Pr and Nd yielding LnTp_ 
OTf where triflate are acting as a counter ion and 
coordinate to the metal ion in a unidentate fashion. The 
complexes of metals are however, seven coordinated. It has 
been reported that complexes of Y, Sm, Gd, Dy, Ho and Yb, 
the small size of metal ion leads to the removal of the 
triflate from the coordinate sphere and the complexes are 
six coordinate 
HydrotrisCpyrazolyDborate HBlPz)^ hydrotris(3-tert-
butylpyrazolyl), borate HB(3-Bu Pz) _ and their complexes 
with Co{II), Ni(II), Cu(II) and Zn(II) have been reported 
3 
recently. [n -HB(pz)-Zn](NO-) has been studied and is 
54 55 
suitable as a model for carbonic anhydrase system ' . In 
these complexes [n -HB(3-Bu^pz ) _ ]M(NO-.), the unidentate and 
bidentate nature has been studied with different metal ions 
e.g. In [HB( 3,5-Me^Pz)-]Zn, Zinc is six coordinate but 
[HB( 3-PhPz B-^ Zn the two ligands are bidentate leading to a 
four coordinate structure . Synthesis has also been 
58 
reported for complexes of Cd ^[HB(Pz)_ ]-Cd, Bis[hydrotris 
(B-phenylpyrazolyl)borate] cadmium(II)^ HB(3-PhPz)_] Cd 
and [B{Pz)^]Cd [HB(B-PhPz)^] hydrotris(pyrazolyl)borate and 
59 
[hydrotr is(3,5-dimethylpyrazolyl)borate cadmium(II). 
R=CH3 
Fig. 5 
Cadmium carboxylate complexes containing the 
[HB( 3-PhPz)-,] ligand serve as an excellent model ' for the 
poorly characterized catalyst derived from Zinc(II) 
dicarboxylate, chemically important for the study of 
mechanism of CO /epoxide coupling processes 
Sulfur analogs of versatile Poly(pyrazolyl)borates 
,56 have been synthesised" these poly(methylthiomethy1) 
borates monoanionic acyclic of the form B(CH-SR), which 
are potentially C- symmetric-facecapping ligands. Two 
57 transition metal derivatives of the parent ligand have 
beea reported so far (RT^ )Mo(CO)- and (RT^)2Fe where RT^ = 
RB (CH-SCH^)^ . T^ represents the potentially bidentate 
B(CH-SCH^)^ fragment and R may be H, alkyl etc. These poly 
(thioether ) borates are in contrast with, macrocyclic 
polythioethers . 
fif) 
Reger et al have recently reported synthesis of 
first poly(pyrazolyl)borate complex of G e r m a n i u m d l ) 
[HB(3,5Me„pz)- GejX, where X is I or CI. The ionic 
character of these complexes is indicated by their poor 
solubility in even polar solvents (CH_Cl2*CHClo and T H F ) . 
In contrast to the ionic character of these 
poly(pyrazolyl)borate complexes monocyclopentadienyl 
* * 
ge].-manium( II) complexes of formula Cp GeX where Cp 
pentamethyl cyclopentadiethyl, X = CI CH (SiMe-.)„ 
cyclopentadienyl derivatives are neutral complexes with 
ligant X coordinated to the germanium center. 
Earlier work was done on poly(pyrazolyl)borate 
complexes of Sn{II) and Pb(II) ' . Cowley et al have 
synthesised successfully bis(pyrazolyl)borate complex of 
Silicon(IV) ^^^23 Pz)2l2SiCl2. The structure of this 
complex has been established by X-ray analysis. Indazole 
and its substitute derivatives show keto-enol tautomerism. 
N 
R 
n 
Y^  
Fig. 6 
10 
Substituted derivatives of Indazole have been 
64 
explored as drugs m clinical chemistry . 6-nitroindazole 
and 7-nitroindazole inhibited nitric oxide synthase (NOS) 
in . mice. The effects of inhibitors of nitric oxide 
synthase (NOS) on opioid withdrawal signs (weight loss, 
diarrhea etc.) were studied in rats. The results 
indicated the selective inhibitor 7-nitroindazole is more 
effective in inhibiting the withdrawal sign than the 
2-nonselective NOS inhibitors, L-NNA and L-NAME. In 
chemical industry their application as inclusion 
compounds of fog inhibitors or stabilizers have been 
reported. Compounds of indazole derivative Y = H, alkali 
metal, SH, R R = H, halo, NO2, NH2, Cyano, OH, SH, 
SO H, substituted alkoxy, CO H, alkyl carbonyl, aloxyl 
carbonyl n = 1-4. 
Present Work 
Here we report synthesis of novel potassiumdihydro-
bis 96-nitroindazolyl) borate and Potassiumhydrotris 
(6-nitroindazolyl) borate. Their metal complexes with 
Co (II), Ni (II), Cu(II), Zn(II), Cd(II) and Hg(II) have 
been synthesised. The ligands and their complexes were 
characterized by various physico-chemical methods. 
11 
Preparation of potassium dihydro bis 
( 6-nitro-Indazolyl ) borate 
Potassium borohydride (10 0 mmole) was added to 6-
nitro Indazole (200 mmole) in DMF and refluxed for Ca 18h. 
As the temperature reaches 180-210°C, the reaction 
proceeded with the evolution of hydrogen gas. The volume 
of the gas collected over water was almost equal to the 
calculated value. 
2C7H6N3O2 + KBH^ -^^^^> K-^(C^4H^QNg04BH2r+ 2^^ 
The reaction mixture on cooling remains as such and 
the resulting solution contains dihydrobis (6-nitro-
indazolyl)borate. 
Preparation of Potassium hydrotris 
( 6- njtro Indazolyl)borate 
Potassium borohydride (100 mmol) and 6-nitro Indazol 
(300 mmol) were refluxed together for Ca. 18h in DMF. As 
the temperature reaches 250-280°C, the reaction proceeded 
with the evolution of hydrogen gas, the volume of the gas 
collected over water was almost equal to the calculated 
value. 
The reaction may be represented as below:-
3C^HgN302 + KBH^ pMF ^ ^ ^^^2l"l5^9°6^" ^  "^  ^ ^2 
12 
When the gas ceased to evolve the contents of the 
flask turn into brown jelly-like colloidal mass. The 
reaction mixture on cooling remains as such and the 
resulting solution contains hydrotris (6-nitro Indazolyl) 
borate. 
Preparation of metal Poly(6-nitro Indazolyl)borate. 
Group II B-Zn, Cd, Hg 
Bis[dihydrobis(6-nitro Indazoly)borate3 Zinc(II) 
ZincClI) nitrate in slight excess was added to a 
solution of dihydrobis (6-nitro Indazolyl ) borate in DMF. 
The precipitation occurs by the addition of water. 
Isolated compound is dark brown. It was dried in vacuo. 
Yield 65% m.p. 175°C 
Bis[dihydrobis(6-nitro Indazolyl) borate] Cadmium(II) 
The complex a.i.i been isolated by halide replacement by 
mixing Cadmium(II) chloride hydrated in slight excess in a 
solution containing dihydrobis!6-nitro IndazolyDborate in 
DMF. The precipitation occurs by the addition of water. 
The compound isolated is pale yellow in colour. It was 
dried in vacuo. 
Yield 72% m.p. 220°C 
2KC1 
13 
Bis[dihydrobis(6-nitro Indazolyl) borate] Mercury(II) 
Mercury(IT) chloride in slight excess was added to a 
solution containing dihydrobis (6-nitro Indazolyl)borate in 
DMF, the precipitation occurs by the addition of water to 
the reaction mixture. The complex isolated is reddish 
brown in colour. It was dried in vacuo. 
Yield 6B% m.p. 295°C 
. DMF 
HgCl2 + K [C^^H^QNg04BH2] > [C^^R^^^^O^BR^l^nq + 2KC1 
Bis[hydrotris (6-nitro Indazolyl) borate] Zinc(II) 
The complex have been isolated by mixing Zinc(II) 
nitrate in slight excess in a solution containing hydrotris 
{6~nitro Indazalyl}boratein DMF, the precipitation occurs by the 
addition of water. The complex isolated was dried in 
vacuo. 
Yield 65% m.p. 290 d 
Bis[hydrotris (6-nitro Indazolyl) borate] Cadmiuni(II) 
The complex have been isolated by halide replacement 
by mixing Cadmium(II) chloride hydrated in slight excess in 
a solution containing hydrotris(6-nitro Indazolyl) borate 
in DMF, the precipitation occurs by the addition of water. 
The complex isolated has been dried in vacuo. 
Yield 75% m.p. > 285 d 
14 
+ ,^  DME 
CdCl2.6H20 + K [C2-,^ H^ N^gOgBH] - ^ ^ [C2^E^^li^0^B}{]^cd + 2KC1 
Bis[hydrotris (6-nitro Indazolyl) ] borate] Mercury(II) 
The complex have been isolated via halide replace-
ment. By mixing mercury!II) chloride in slight excess in a 
solution containing hydrotris(6-nitro Indazolyl)borate in 
DMF. Precipitation occurs by the addition of water. The 
complex isolated was dried in vacuo. 
Yield 70% m.p. 210°C 
, DMF 
;::i2 + K [C^^E^^l^^O^BE] —^ [C^^E^^li^O^BE]/^ + 2KC1 
Bis[hydrobis(6-nitro Indazolyl) borate] Cobalt(II) 
The complex have been isolated by mixing an 
ethanolic solution of Cobalt!II) chloride in slight excess 
and a solution containing dihydrobis (6-nitro Indazolyl) 
borate in DMF. Reaction mixture was heated on a magnetic 
stirrer for few hours. The precipitate thus obtained was 
digested on a water bath. It was filtered and dried in a 
vacuum dessicator. 
Yield 60% tn.p. > 310d 
C0CI2 + K^C^4H^QNg04BH2] - ^ > [Ci4H^QNg04BH2 ] 2C0 + 2KC1 
Bis[dihydrobis(6-nitro Indazolyl) borate] Nickel(II) 
The complex has been isolated by mixing an ethanolic 
solution of nickel(II) chloride in slight excess and a 
15 
solution containing dihydrobis (6-nitro Indazolyl)borate in 
DMF. Reaction mixture was heated on a magnetic stirrer for 
few hours. The precipitate thus obtained was digested on a 
water bath. It was filtered and dried in vac-:tum desicator. 
Yield 65% m.p. 185°C 
NiCl2 + Knc^4H^QNg04BH2] — > [C^^H^QNgO^BH^ l^'l + 2KC1 
Bis[dihydrobis(6-nitro Indazolyl)]borate] CopperClI) 
The complex have been isolated bymixing an ethanolic 
solution of Copper!II) chloride hydrated in slight excess 
and a solution containing dihydrobis (6-nitro Indazolyl) 
borate in DMF. Reaction mixture was heated on a magnetic 
stirrer for few hours. The precipitate thus obtained was 
digested on a water bath. It was filtered and dried in a 
vacuum desicator. 
Yield 65% m.p.> 290d 
CUCI2.6H2O + KnC^4H^0NgO4BH2] - ^ > [C^4HgNg04BH2 ]2Cu + 
2KC1 
Bis[hydrotris(6-nitro Indazolyl)]borate] Cobalt(II) 
The complex have been isolated by mixing an 
ethanolic solution of cobalt(II) chloride hydrated in 
slight excess and a solution containing hydrotris (6-nitro 
Indazolyl) borate in DMF. Reaction mixture was heated on 
a magnetic stirrer for few h. The precipitate thus 
obtained was digested on a water bath. It was filtered and 
(13 
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18 
dried in a vacuum desicator. 
Yield 60% m.p. > 280d 
CoCl„.H„0 + K^[C^,H, ^ NQO^BH] -> [ C„, H, c.N„O^ BH] ^ Co + 2KC1 
2 2 2 i i b y D DMF 2i ib y b ^ 
Bis[hydrotris(6-nitro Indazolyl)borate_] Nickel(II) 
The complex have been isolated by mixing an 
ethanolic solution of nickel(II) chloride hydrotris 
(6-nitro Indazolyl)borate in DMF. Reaction mixture was 
heated on a magnetic stirrer for few h. The precipitate 
thus obtained was digested on a water bath. It was 
filtered and dried in a vacuum desicator. 
NiCl^.H^O + K-'[C2iH^5N90gBH] — - > [c^^^H^gNgOgBH] 3 Ni + 2KC1 
Yield62% "^ -P- >290d 
cs[hydrotris(6-nitro Indazolyl)]borate] Copper(II) 
Ethanolic solution of copper(II) chloride hydrated 
in slight excess was added to a solution containing 
hydrotris (6-nitro Indazolyl) borate in DMF. Reaction 
mixture was heated on a magnetic stirrer for few h. The 
precipitate thus obtained was digested on a water bath. It 
was filtered and dried in a vacuum desicator. 
Yield 62% m.p. > 310d 
CUCI2.H2O + K^C2^H^5NgOgBH] ^ - ^ [C23^H^5NgOgBH]2Cu( II) 
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Results and Discussion 
Analytical data of the Borates and their complexes 
are given in Table-1. The borates are formed according to 
the equations: 
KBH. + (6n-InZ- H)2 > K"'"[H2B(6n-InZ j^]" + 2H2 
KBH. + (6n-InZ- H) > K'''[HB( 6n-InZ )2 J + SH^ 
KLH^B-Cen-InZ)^] + MCI2 > [H2B(6n-InZ)2]2f^ + 2KC1 
K'''[HB(6n-InZ)2]~ + MCI2 > [HB(6n-InZ) ]2M + 2KC1 
6n-InZ = 6-nitro Indazole 
M = Co, Ni, Cu, Zn, Hg. 
Molar conductance of millimolar solution of the 
-1 2 ~1 
complexes m DMSO (20-30 ohm cm mol ) show their 
covalent nature . The results of analysis and other 
physical measurements agree well with the proposed 
2^0 
composition of the complexes. The probable structure of 
these borates is shown in Fig. 
N 
O2N •N 
H 
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H 
O2N 
.N 
\ 
JJ 
INI 
O2N 
N 
N / O2N 
/ / \ \ 
H - B — z 
^ ^ ^ ^ - ^ 
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On refluxing of 6-nitro indazole with KBH. the 
symmetry of the BH. is lowered to C, and the i.r. spectra 
of the borates do not show any absorption in the 3100-3400 
cm" region, which would be characteristic of (NH) in 
6-nitroindazole. However, a new bond appearing in the 
region 2350-2360 cm" has been assigned to B-H . The B-N 
appear in the range 1350-1430 cm . Two band B-N 
absorption at 1173 cm" due to partial double bond 
character . The IR spectra of complexes showed insig-
nificant change in the B-N region reflecting the non-
invovement of nitrogen in coordination while an 
appreciable shift of 30-50 cm in C-N at 1165 cm of 
pyrazolyl nitrogen supported coordination through non 
bonded nitrogen. Our observation are consistent with 
Trofimenko et al. Other bands appear at 1140 cm" , 1480 
cm" , 820-825 cm" due C-C, C-N, -NO and remain unaltered 
even after complexation (In for IR region). The complexes 
of Co (II), Ni (II), Cu (II), Zn(II), Cd(II) and Hg(II) 
exhibited M-N bands in the range 400-435 Cm" , 
commensurate with coordination of metal to nitrogen. 
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Electronic spectra of nickel(II) complex with L^ 
exhibit two bands at 19100 cm and 16950 cm assigned as 
B, < A, & A_ < A, transition respectively. 
Ig Ig 2g Ig c j 
A band at 19100 cm is characteristics of square planar 
geometry for metal ion. 
An unabmigious assignement of the geometry of copper 
(11) is difficult because the electronic spectra of both 
the tetrahedral and square planar complexes, contain nearly 
::he same bands. It is known that for a square planar copper 
(II) complexes the magnetic moment value falls in 1.80-1.83 
3M range while for octahedral Cu(II) the magnetic moment 
value is slightly larger extending over a range of 
70 
-.89-1.92 B.M. Though, the lower magnetic moment value in 
:he present case (1.81 B.M.) correspond to square planar 
geometry. The electronic spectra of [C,.H^.NcO.BH^J^Cu 
show a broad band at 28200 cm assigned to raetal-ligand 
charge transfer trasition and two medium intensity band at 
-1 -1 2 0 9 14100 cm and 18200 cm assigned to A-, B-i _ & "^  E 
Ig ^Ig "^  ^g 
"B, , transition respectively, 
Three bands are anticipated for cobalt(II) complexes 
of L- at 22500, 17200, 14270 which are assigned to "^ T^  (P) 
< "^ i^g^ ^^ ' % g ^ ^ ^ "^ "^ I^g^ ^^  ^"^ ^^2g^^^ ^ ^"^Ig^^^ 
transitions respectively. The magnetic moment value in the 
7 
present case (3.89B.M.) is well within the range for d 
system. However, their studies correspond to an octahedral 
geometry around cobalt(II) ion. 
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The [C2-.H,^NQO,BH] Mi exhibits three main d-d bands 
at 27770 cm" , 16950 cm" and 11200 cm" , which can be 
attributed to transitions T (P) •^A2g(F), T^g(FJ<—— 
3 3 3 
A2 (F) and T2 (F) < A2 (F) respectively. From the 
simple orbital splitting diagram it is known that the 
majority of Nickel(II) complexes have u,- 2.83 B.M. In the 
present case the observed value (2.92 B.M.) is very close 
to the calculated one. On this basis, therefore, an 
octahedral structure is proposed for nickel(II) ion. 
Complex of copper(II) with L2 show one broad hand at 
-1 2 2 15370 cm with a shoulder assigned to the T„ < E , 2g g' 
transition respectively which is characteristics of a 
tetragonal ly distorted octahedral geometry. The ©liserved 
magnetic moment value 1.98 BM also supporting tlae above 
geometry for copper(II) ion. 
E^P.R 
The e.p.r. spectral values for copper(II) complex 
with L^ and l.^ are (g = 2,21, g. = 2.19) and (g^^ = 1.06, 
g. = 2.01 respectively thus providing supporting evidence 
that they have octahedral and square planar geometry. 
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